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Glacier (?) National Park 
Disappearing Glaciers in a Warming Climate 
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Interpolation and Extrapolation  
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Proportion 
Percent 
Unit conversion 
Core Geoscience Subject 
Climate change: glacial recession 
This material is based upon work supported by the National Science Foundation under Grant Number NSF DUE-0836566. 
Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect 
the views of the National Science Foundation. 
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Getting started 
And you should also know where 
Glacier National Park is. 
After completing this module you 
should be able to: 
•  Define glacier and climate. 
•  List evidence for global warming as 
seen in the park’s glaciers. 
•  Know how to interpolate and 
extrapolate data from a graph.  
Montana 
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The setting – Glacier National Park 
Glacier National Park is part of the Waterton-Glacier International Peace Park, which was 
recognized as one of the world’s great treasures by being designated a World Heritage Site in 
1995.  Here, Precambrian (Proterozoic) sedimentary rocks have been thrust upward and 
eastward and now sit atop younger Cretaceous rocks.  More recently, glaciers (huge rivers of 
ice) have carved these rocks into steep-sided mountains and valleys filled with lakes, rivers, 
alpine meadows, and old-growth forests.  The park is named for these glacial features and the 
processes that formed them during and since the Ice Ages of the Pleistocene. Now, global 
climate change threatens to extinguish all that remains of the glaciers.   
  
Geology – Lewis Thrust Fault 
The mountains of Glacier National Park began forming 170 million years ago when 
compressional forces of colliding crustal plates shoved a huge, relatively strong rock wedge up 
and over weaker rock.  With up to 80 kilometers of displacement, the stronger Precambrian 
rocks, several miles thick and several hundred miles wide, moved up and over the top of rock 
layers Cretaceous in age.  That’s 1,500 million years difference in age!   Known as the Lewis 
Thrust, this structural feature provides insight into the tremendous geologic forces that have 
shaped our Earth through time.  Considerable erosion has occurred on the eastern edge of the 
thrusted Precambrian rocks, but Chief Mountain, an isolated erosional remnant remains.    
Sketch adapted by S. Marshak 
from various sources and used 
by permission. 
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Geology – rock exposures 
Globally, Precambrian-age rocks have been extensively altered due to mountain-building 
processes.  But in Glacier National Park, many details of environmental processes, such as 
mud cracks, ripple marks, and raindrop impressions, that occurred on Earth over a billion years 
ago remain preserved, along with fossil algae. This makes the park’s freshly exposed rocks, 
due to recent glacial scouring, an outstanding area for scientists to study climate changes 
through geologic time.   
cross-sectional view of 
mudcracks and salt casts 
Stromatolites  
Nearly horizontal sedimentary layers 
aerial view of mudcracks 
and salt casts 
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What is a glacier? 
The glaciers that carved through the rocks in the park formed thousands of years ago.  Glaciers 
are masses of ice that last year round and flow under the influence of gravity.  They form at 
both high latitudes and high elevations. 
Over the past two million years, glaciers formed and 
melted away due to changes in climate.  Around 
20,000 years ago the climate was cooler and/or wetter 
allowing for the growth of glaciers that filled the valleys 
of the park with thousands of feet of snow so that just 
the very highest peaks were exposed. 
Climate is an average of 
the weather over some 
long period of time.   
In order, the six hottest 
years on record since 
the 1890s are: 2005 
(hottest), 1998, 2002, 
2003, 2006, and 2004.  The stromatolites in this photo formed on the seafloor and are now 
at an elevation of 7,600 ft. 
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Animation of glacier recession 
Watch the animation step through time from 1850 to 2100 and note the 
disappearance of glaciers and the associated environmental changes that occur. 
By what year, according to the animation, do the glaciers disappear? 
The animation 
starts 
automatically in 
slide show view 
approximately 
three seconds 
after this slide 
appears and 
will loop 
repeatedly until 
you click to the 
next slide. 
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Glacier recession 
Global climate has changed rapidly with an average increase of 1.5˚F over the past 100 years.   
While this number may seem insignificant, noticeable changes have occurred in the glaciers in 
the park.  In 1850, glaciers numbered around 150.  By 1966, the number dropped to 50 named 
and unnamed glaciers.  As of  2009, 26 glaciers remained.  Retreat of Glaciers in Glacier 
National Park (USGS 2010). 
Question 1:  Of the 150 glaciers in the park in 
1850, what percentage remained in 2009? 
Question 2:  What is the percent decrease in the 
number of glaciers from 1850 to 1966 and from 
1850 to 2009? 
Not only have the number of glaciers 
decreased, but the sizes of the remaining 
glaciers have greatly decreased as well. Enter an Excel formula in each of the orange cells. 
Click on the spreadsheet icon above to access the 
template for this module.  Immediately save the file 
to your computer to do the calculations.   
Upper Grinnell Lake forming from 
meltwater of Grinnell Glacier 
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Grinnell Glacier 
Grinnell Glacier is one of the 26 remaining glaciers in the park.  The Salamander (a glacier) 
separated from Grinnell in 1929.  Grinnell Lake, Lake Josephine, and Swiftcurrent Lake lie 
within a valley once occupied by Grinnell Glacier.    
Grinnell Lake 
Lake Josephine 
Swiftcurrent Lake 
The Salamander 
Grinnell Lake 
Grinnell Falls 
Return to Slide 15  
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Grinnell Glacier 
Grinnell  Glacier 
Glacier National Park, MT 
T. J. Hileman photo 
Courtesy of GNP Archives 1938 2006 1981 1998 
Carl Key photo 
USGS 
D. Fagre photo 
USGS 
Karen Holzer photo 
USGS 
One of the tools that scientists use to monitor changes in glaciers is repeat photography.  
Scientists use this method to determine the change in area of glaciers.  Note the visual change 
in the area of Grinnell Glacier from 1938 to 2006.   
Click here to see other 
methods used to 
monitor glaciers. 
It is actually better to use volume to monitor the health of a 
glacier, but due to variations in topography and ice thickness, 
volume is very difficult to determine. Return to Slide 15  
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Retreating Grinnell Glacier 
The United States Geological Survey (USGS) has area measurements for glaciers within the 
park as far back as 1850.  The graph below plots the area through time for Grinnell Glacier and 
displays a second-order polynomial equation (a quadratic function) fit to the trend of the data. 
Question 3:  Using the data provided (m2), 
what is the area (km2, miles2, ft2) of 
Grinnell Glacier for each year given?   
Question 4:  What is the estimated area (km2) 
of Grinnell Glacier for 1900? (interpolate) 
If you wanted to find the year that Grinnell Glacier’s area 
was 1.60 km2, you would use the quadratic formula and 
solve the Excel equation for x.  
Data were not available for Grinnell for 1900.  
However, interpolation, a means of estimating a 
value within a given set of data, can be used to 
get an estimate of the area for that year. 
Click here for help 
with interpolation. 
Substitute 1900 into 
the Excel equation 
for x and solve for y.   
Click here to learn how to obtain 
and format the equation of a line. 
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Retreating Grinnell Glacier 
The same equation can also be used to extrapolate data.  Extrapolation is an estimation of the 
value of a variable outside a known data range.   One could extrapolate to find the area of 
Grinnell Glacier in the year 1800 by substituting 1800 in the equation for x and solving for y.  
One could also estimate the year in which Grinnell Glacier’s area was 2.50 km2 by substituting 
2.50 into the Excel equation for y and solving the quadratic formula for x.   
Question 5: Using extrapolation, in what year will ice at what is now 
Grinnell Glacier be gone (0.0 km2)?  
Click here for help 
with extrapolation. 
Remember that the 
quadratic formula 
contains a ±, so the 
equation produces two 
answers.  One of them 
is obviously wrong! 
Grinnell Glacier and The Salamander 
Extrapolation is 
dangerous.  Click here to 
read Mark Twain’s take 
on it. 
Glacial retreat 
Extrapolation of the data suggest no year-round ice at what is now Grinnell Glacier by the year 2039 (but see 
End of Module question 5).  New findings suggest that If the warming trend continues, glaciers within the park 
may be gone by 2020.   Rapid retreat of mountain glaciers is occurring globally as well.  By 2100, Earth’s 
surface could be as much as 10°F warmer than present, causing major changes to biota. 
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These plants and animals have adapted to the 
colder climates of high elevations and are 
especially vulnerable to a warming earth. 
Return to Slide 15  
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Warming impacts on the hydrologic cycle 
Warming trends are not new.  The earth periodically goes 
through climate change, with the last glacial period ending 
~10,000 years ago.  Greenhouse gases (CO2, CH4, N2O) are 
thought to play a significant role in the rapid warming climate 
over the past century.  The burning of fossil fuels emits 
greenhouse gases into the atmosphere, blanketing the earth, 
and trapping in heat.       
The hydrologic cycle will be affected as 
well.  Melt runoff from glaciers in 
mountain environments provides more 
than 50% of the world’s fresh water 
supply.  Populations downstream depend 
on this dwindling source not just for 
drinking water, but also as a means of 
dilution of pollutants generated at lower 
elevations.  As climate warms, less snow 
and more rain falls in winter.  Spring 
runoff is happening earlier, leaving less 
water for the drier months, possibly 
causing some streams to become 
intermittent, impacting stream ecology. 
Drier climate affects 
soil moisture and 
extends the overall 
fire season. 
When fire is too 
frequent or intense, 
native species find it 
more difficult to return. 
What can you do to help lower 
greenhouse gas emissions? Coal-burning power plant. Coal is a fossil fuel. 
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End-of-module assignment 
After completing each of the spreadsheets in the module, use those same spreadsheets to answer the following 
questions changing information, values, and units where appropriate: 
1. The estimated area of glaciers in North Cascades National Park was 218 km2 in 1900, 117.3 km2 in 1958, and 
109.1 km2 in 1998.  What per cent of glacial ice remains?  What is the per cent decrease in the area of glaciers 
in the park from 1900 to 1958? From 1900 to 1998?  
2. The template includes data for the Sperry Group.  What is the area of the Sperry Group in km2, mi2, and ft2. 
Create an XY scatter chart of area (km2) vs. year with a second-order polynomial trendline, equation, and R2 value 
and answer the following: 
3. Data were not collected in 1865.  Using interpolation, what was the area of the Sperry Group for 1865 in km2? 
Place this value in cell C13 to calculate the area in m2, mi2 and ft2. 
4. Using extrapolation, in which year will the Sperry Group disappear? 
5. In Slide 12 we extrapolated to find zero ice at Grinnell Glacier in 2039.  Glaciers are no longer considered 
glaciers when their area diminishes to 25 acres.  Recreate the spreadsheet of Slide 12 and use it to find when 
this will occur at Grinnell Glacier. 
 
Inquiry: 
6. Slide 5 has a picture of a geologist sitting on an exposure of stromatolites.  What are stromatolites? 
7. What other methods are used to monitor glaciers (see link on Slide 10)?  Describe one of these other methods. 
 
Critical thinking: 
8. Slide 9 states that the Salamander (a glacier) broke away form Grinnell Glacier in 1929, forming two separate 
glaciers.  Which do you think is a better means of determining the state of the glaciers in the park.  The number 
of glaciers or the area of the glacial ice?  Why? 
9. Slide 13 states that the plants and animals adapted to life at high elevations are especially vulnerable.  Why are 
they? 
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Percent increase or decrease 
A decrease or increase in percentage is calculated with respect to the original value not the 
final value.  The equation is set as follows:  
increase
value
valuevalue %100*
]1995[
]1995[]2007[
=




 −
%6.93100*
08.38$
08.38$71.73$
=




 −
decreaseorincrease
valueoriginal
valueoriginalvaluenew %100*
][
][][
=




 −
If the new value is greater than the original value, the percent increase is calculated.  If 
the new value is less than the original value, the percent decrease is calculated. 
Example question:  If the charge for tuition per credit hour at a university was $38.08 in 1995 
and the charge per credit hour was $73.71 in 2007, what is the percent increase? 
Return to Slide 8 
In this case, the new value is 
greater than the original value. 
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Format the equation of a line 
To add a second-order trendline, 
equation, and R2 value to an XY 
scatter plot, place the cursor 
over one of the data points and 
right click. Choose “Add 
Trendline”. 
Click on the equation.  A box 
appears around it.  Right click 
in the box and choose 
“Format Trendline Label…” 
Choose “number” and type 7 in 
the space for decimal places. 
Choose “Polynomial”, 
order:2, and check “Display 
Equation on Chart” and 
“Display R-squared Value on 
Chart”. 
The graph should now display the trendline, equation with seven 
decimals, and an R2 value for a second-order polynomial. 
Return to Slide 15 
Return to Slide 11 
This is an example of extrapolation, the 
process of estimating a value outside the 
known data range.  Extrapolation is 
problematic and more inaccurate than 
interpolation as it assumes that a trend 
continues outside of the known data. 
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Interpolation and extrapolation 
Interpolation is the process of determining a missing value within a known set of data points.  Data are 
presented below in the graph indicating the number of hours students study and the test score they receive.   
For ax2 + bx + c =  0, the value of x is given by: 
             Press enter to see the relationship 
of the variables and values. 
 
The second-order polynomial equation derived by Excel 
can be solved for x using the quadratic formula to estimate 
that ~3 hours are needed to study to earn a score of 85 
(y). 
 
Set equation to 0: 
 
245.32449.272681.385 2 ++−= xx
a
acbbx
2
42 −±−
=
From:http://hood.eas.asu.edu/che211/wiki/
index.php/Interpolation_vs._Extrapolation 
0755.52449.272681.3 2 =−+− xx
One can also solve the Excel equation to estimate the 
score a student might earn after studying for 6 hours (x).   
Which spreadsheet should you use?  
The answer depends on which variable 
(x or y) you are solving for and whether 
you are interpolating or extrapolating. Return to Slide 11 
Endnotes 
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The Salamander from Lake Sherburne 
Grinnell Glacier and The Salamander Grinnell Glacier and The Salamander 
Grinnell 
Glacier 
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Determining the area of a glacier 
The extent of the glaciers in 1850 was determined by analysis of terminal 
moraines.  Subsequent years were mapped on the ground by various scientists, or mapped 
using aerial photography.  Recently, area measurements are made by mapping the perimeter of 
glaciers using high-resolution GPS receivers. Measurements are made in late summer, when 
the extent of glacial ice is most evident.  
Ice mass or flux is a more accurate way 
to monitor glaciers, but determining 
these values is quite complicated due to 
variation in topography and ice 
thickness.  Area  measurements are 
used instead as they are somewhat 
easier to determine.  Significant 
changes in the ice mass can occur 
without a significant change in area.  
Therefore, area measurements alone 
can be misleading. 
Return to Slide 11 
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The dangers of extrapolation 
From:  http://www.lhup.edu/~dsimanek/twain.htm 
Return to Slide 12 
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The geologic time scale 
Click here for more 
information about the 
geologic time scale. 
This scale is provided to 
show you the ages of the 
geologic time periods 
described in this module. 
Return to Slide 3 
